Abstract. The profile of phenolic compounds in strawberry fruits varies significantly among cultivars. High performance liquid chromatography with diode array detection coupled to electrospray ionization mass spectrometric detection with positive and negative modes of ionization was employed to identify phenolic compounds in extract of strawberries from Charlotte cultivar. This is the first time phenolic profile of Charlotte cultivar has been characterized. The fruits contained phenolics belonging to six groups: anthocyanins, ellagic acid and its conjugates, gallotannins, flavonols, flavanols and hydroxycinnamic acid derivatives. The presence of pentagalloyl glucose in strawberries fruits was reported for the first time.
Introduction
Berries contain high amount of phytochemicals, mainly phenolic molecules which exhibit wide range of activity [1] [2] [3] [4] . Strawberries are commonly consumed worldwide, mainly as fresh fruits. Their anti-inflammatory properties, the ability to modulate cellular signaling pathways of cancer cell proliferation, apoptosis and tumor angiogenesis and the role in the diminishing the risk of cardiovascular disease have been reported [5] [6] [7] . In order to assess potential health effects of fruits, their phenolic compounds profile should be identified. The content of phenolic compounds in strawberry fruits is affected by various factors such as cultivar, agricultural practice, environment, and ripening stage [8] . A wide range of strawberry cultivars are grown around the world. The studies conducted on 27 cultivars from Norway [9] , 20 from Spain [10, 11] , 3 from Turkey [12] , and 4 from Macedonia [13] revealed large differences in phenolics composition and antioxidant activity of strawberry fruits between cultivars. A recently published paper indicated that genotype was a major determining factor of bioactive components [14] . Currently the efforts of breeding programs are focused on developing new cultivars with enhanced flavour and preferably also improved levels of health-beneficial compounds [15, 16] . Charlotte variety was created in a breeding program by crossing 'Mara des Bois' by 'CAL 19' [17] . The selection of the variety was mainly based on the fruits of good quality, desirable taste, disease tolerance and everbearing, which allows a consistent production during the year. The characteristic feature of fruits of this cultivar is their interesting aroma profile and sweet taste due to high levels of fructose and glucose [16] .
Nowadays, knowledge of bioactivity of individual phenolic compounds is being expanded. The more we know about beneficial effect of phenolic compounds, the more important becomes the analysis of phenolic profiles of fruits of different varieties. Phenolic profile, along with vitamin C content, helps to identify fruits of good quality, exhibiting health promoting properties. The present study investigated phenolic compound profile of Charlotte cultivar, which has not been reported up to date.
Materials and methods

Chemicals and standards
Acetone and ethanol (absolut) were purchased from Cochimy (Martigny, Switzerland). Formic acid and Amberlite XAD-16 were obtained from Sigma-Aldrich (Buchs, Switzerland). Acetonitrile of HPLC grade were acquired from Lab-Scan (Gliwice, Poland).
Plant material
Strawberries of Charlotte cultivar were obtained from ACW research centre (Agroscope Changins-Wädenswil, Switzerland). Strawberries were cultivated under plastic tunnel of 8 m in width 25 m in length (made of 200 m thick ethylene-vinyl acetate copolymers) on TopferdeKF (Ökohum) composed of: 48% white peat and 52% of bark and fibre of coconut, characterised by water retention of 600 ml/l, pH of 5.5 and conductivity of 0.3 mS/cm, which is an reference substrate for strawberries cultivation in Switzerland. The fruits were harvested at commercial ripeness and frozen immediately at −20 • C.
Extraction procedure
A portion of 1,000 g of fruits was ground using a Büchi Mixer B-400 (Büchi, Flawil, Switzerland) applying a rotation speed of 9,000 rpm for 3-5 s. The obtained puree was freeze-dried (Lyolab B II, LSL Secfroid, Switzerland). The extraction of phenolic compounds was performed as described by Kosińska et al. [18] . Briefly, a solvent mixture consisting of acetone, water and formic acid (70/29.9/0.1, v/v/v, pH = 4.02) was mixed with strawberry powder at a solid to solvent ratio of 1 : 12. Then, the homogenization was performed with an Ultra Turrax T25 (Ika Labortechnik, Staufen, Germany) at 20,500 rpm for 3 min, the extract was centrifuged at 5,000 g and 5 • C for 10 min (Universal 32R, Hettick Zentrifugen), the supernatant was collected and the precipitate was homogenized with the solvent again. The procedure was repeated twice. The solvent from combined extracts was evaporated immediately using a rotary evaporator (Heidolph Instruments GmbH & Co. KG, Schwabach, Germany). The extract was purified chromatographically on a column filled with Amberlite XAD-16. Sugars and organic acids were removed with water, whereas phenolic compounds were eluted with aqueous ethanol, and solvent was evaporated at 40 • C.
LC-DAD-ESI-MS/MS analysis
An Agilent 1200 series liquid chromatograph (Agilent Technologies, CA, USA) comprised of an autoinjector, a quaternary pump, a column counterpart and an UV-DAD detector. The strawberry purified extract (SE) was dissolved in methanol/water/formic acid mixture (50/49.9/0.1, v/v/v) at a concentration of 5 mg/ml and filtered through a 13 mm PTFE filter with a pore size of 0.45 m (EXAPURE TM , Switzerland). The volume of 20 l was injected onto a Luna 5 C18 (2) column (250 × 4.6 mm i.d., particle size 5 m, Phenomenex, Torrance, CA, USA) with a C18 security guard column (4 × 2.0 mm i.d., 5 m, Phenomenex) at a flow rate of 0.7 ml/min. The mobile phase was composed of 0.1% aqueous formic acid water (A) and acetonitrile containing 0.1% formic acid (B). A linear gradient was performed as follows: 10-18% B (0-10 min); 18% B (10-15 min); 18-25% B (15-30 min); 25-85% B (30-31 min); 85% B (31-40 min). The column was re-equilibrated between injections for 10 min with 90% of mobile phase B. The column temperature was set at 30 • C. Spectral data for all peaks were collected in the range of 200-600 nm and separation was recorded at 260, 280, 360 and 500 nm. Standard solutions of ellagic acid, p-coumaric acid, pelargonidin-3-glucoside and cyanidin-3-glucoside were used for identification.
The mass spectra were acquired using a ThermoQuest-Finningan LCQ DECA controlled by Xcalibur 2.0 software. The mass spectra were acquired using electrospray ionisation in the negative and positive ionisation modes in the range of m/z 100-2,000. The capillary temperature was set at 275 • C, sheath gas flow was 60 arbitrary units. The source voltage was set at 4 kV. Collision induced dissociation fragmentation was performed.
Results and discussion
Identification of phenolic compounds
The HPLC-DAD profiles of phenolic compounds of Charlotte SE recorded at 280, 360 and 500 nm were depicted in the Fig. 1 . Retention time (RT), maximum absorption wavelength ( max ), molecular ions and fragment ions masses of identified compounds were compiled in Table 1 . Analysis of obtained data was accompanied by its comparison with literature data on phenolic compounds of strawberries of different cultivars [9, 11, 13, 19, 20] . The SE contained phenolic compounds belonging to six main groups: anthocyanins, ellagic acid and its conjugates, hydroxycinnamic acid derivatives, gallotannins, flavonols and flavanols.
Anthocyanins
Anthocyanin pigments are responsible for the attractive red, purple to blue colours of many fruits and vegetables. They have a typical absorption band in the 490 to 550 nm region of the visible spectra. The chromatographic profile of anthocyanins present in SE was presented in Fig. 1C . Cyanidin-3-glucoside (peak 8) and pelargonidin-3-glucoside (peak 9) were identified by comparing their RT and UV spectra with those of corresponding commercial standards, and their structures were confirmed by HPLC-ESI-MS. Due to observed tailing of peak 9 and appearance of an ion at a m/z 579 together with an ion characteristic for pelargonidin-3-glucoside (m/z of 433) it might be supposed that pelargonidin-3-rutinoside is co-eluting in peak 9. Those compounds have been reported to elute with similar RT [11, 13] . The compound eluting at a RT of 5.3 min (peak 3) was identified as pelargonidin-3-dihexose since it displayed an ion at a m/z of 595 in positive mode of ionization. The fragmentation of this ion resulted in two ions at m/z of 433 (loss of hexose) and 271 (aglycone of pelargonidin). Most probably it is pelargonidin-3,5-diglucoside which was previously identified in strawberries [11] . The fragment ion at a m/z of 271 was also present in the mass spectra of peak 17, suggesting the presence of pelargonidin derivative. Due to its molecular ion at m/z of 519 it was identified as pelargonidin-3-malonylglucoside. The small peak eluting at 12.67 min displayed a molecular ion at a m/z of 535 and a fragment ion at a m/z of 287, which corresponds to cyanidin-3-malonylglucoside.
Ellagic acid and its conjugates
On the basis of UV spectra and comparison of the RT to that observed for standard compound, peak 28 was identified as ellagic acid, which was confirmed by mass spectra analysis. Peaks 22 and 25 displayed a fragment ion at a m/z of 301, which corresponds to ellagic acid. The negative molecular ion at m/z of 433 and 447, respectively, were noticed. The loss of 132 Da may correspond to a pentose, whereas the loss of 146 to a deoxyhexoside, which led to identification of peaks 22 and 25 as ellagic acid pentoside and ellagic acid deoxyhexoside, respectively. Table 1 Absorption maximum in the UV-VIS region ( max ), mass spectral data, and identification of phenolic compounds of strawberry fruits of [26] sh = shoulder; numbers in bold indicate predominant ions. Fig. 1 . HPLC chromatograms of strawberry extract at 280 (A), 360 (B) and 500 nm (C), numbers ascribed to the peaks refer to those in Table 1 .
Ellagitannins are esters of hexahydroxydiphenic acid and a polyol, usually glucose [21] . They are called hydrolysable tannins due to their ability to release ellagic acid, which is formed from the hydrolytic release of HHDP ester groups, undergoing spontaneous lactonization [19] . In the chromatographic separation of the SE peaks 4 and 5 originated from isomeric forms of di-HHDP-glucose. The negative molecular ion at a m/z of 783 was observed, and its fragmentation resulted in ions at a m/z of 481 (loss of HHDP, 302 Da), 301 (loss of HHDP-glucose, 482 Da) and 275 [13, 19, 20] . Based on the appearance of a negative molecular ion at a m/z 633, and fragment ions at m/z 463 and 301, peak 12 was identified as HHDP-galloyl-glucose [9] . Peaks 19, 21 and 27 were identified as galloyl-di-HHDPglucose isomers. The MW of this compound amounts to 936, which was reflected in a deprotonated molecular ion at a m/z of 935. During fragmentation ions with m/z of 301 and 633 were formed, which corresponds to ellagic acid and galloyl-HHDP-glucose moieties. Peak 20 was identified as di-HHDP-glucose-galloyl-ellagic acid (davuriicin M1) due to a molecular ion at a m/z of 1235, which corresponds to MW of this compound, and fragmentation pattern (m/z 933, 301) in accordance with recently published results of Aaby et al. [9] . Peak 26 displayed a negative molecular ion at m/z of 1869. It corresponds to a mass of 1870, characteristic for the most representative ellagitannin of strawberry, sanguiin H-6 [5] , a dimer of galloyl-di-HHDP-glucoside. The fragmentation pattern observed have been already reported: m/z of 1567 (loss of HHDP), 1265 (loss of di-HHDP), 935 (loss of galloyl-di-HHDP-glucoside) [20] . However, the identification has not been fully clarified. Vrhovsek et al. [22] supposed that the main ellagitannin in strawberries is agrimoniin, an almost identical structural isomer of sanguiin H-6, with sanguiin being only a minor compound of strawberry. However, taking into consideration the information given by the authors on the elution order of those compounds, we can assume that the questioned peak 26 originates from sanguiin H-6, due to its elution from RP-18 column before ellagic acid [22] . Ions displayed by the compound eluting as a peak 35 were also observed in the fragmentation of sanguiin: a molecular ion at a m/z 1085, and a fragment ion at a m/z of 783. However, additional fragment ions at m/z 765, 451 suggest that it is another ellagitannin. The same molecular ion and fragmentation pattern was noted by Barrajón-Catalán et al. [23] for the compound present in Cistus species and was identified as cornusiin B.
Gallotannins
Peak 30 was identified as penta-O-galloyl-glucoside, a compound belonging to the gallotannin family. It has been also detected in the pulp, peels and kernels of mango [24] . The displayed negative molecular ion at a m/z of 939 corresponds to MW of penta-O-galloyl-glucoside -940, whereas fragment ions observed in the MS² at m/z of 787 and 769 result from elimination of one galloyl group (152 Da) or loss of gallic acid (170 Da), respectively.
The presence of above mentioned gallotannin has not been reported in strawberry fruits up to date, however, the analysis of secondary metabolites of strawberry achenes revealed large contents of trigalloyl glucose and pentagalloyl glucose, both diminishing during fruit ripening [25] . At the same time, the increase in ellagitannins content was observed, which confirms that gallotannins are precursors of ellagitannins formation. Therefore, gallotannis in SE might originate from the achenes of the fruits.
Hydroxycinnamic acid derivatives
This group of compounds shows characteristic UV absorbance in the range of 310-330 nm. Peaks 10 and 18 displayed a deprotonated ion at a m/z of 449, and fragment ions at m/z 355, 325, 287 (loss of hexose), 269, as well as an ion characteristic for ferulic acid -193. They were identified as isomeric forms of ferulic acid hexose derivatives. However, further identification was not possible. Peak 14 was identified as p-coumarylhexose due to the presence of negative molecular ion at a m/z of 325, which during fragmentation displayed fragment ion at a m/z of 163 (coumarate residue) and 145 (coumaryl residue).
Flavonols
In accordance with literature data, quercetin and kaempferol derivatives were identified as the major flavonols in strawberries [5] . Peak 29 and 31 were identified as quercetin derivatives due to a characteristic fragment ion at m/z of 301 originating from the quercetin moiety. The peak eluting at 24.46 min was identified as quercetin-3-O-glucuronide since it displayed a negative molecular ion at m/z of 477. The peak eluting at 26.78 min displayed a negative molecular ion at m/z of 463, which corresponds to quercetin-3-O-glucoside. The late eluting peaks 36-40 were designated as kaempferol derivatives according to their UV spectra and MS analysis. Peak 36 was a kaempferol hexoside due to a parental ion at a m/z of 447 and a fragment ion at a m/z of 285. Peak 37 was identified as kaempferol-3-glucoside. It displayed a deprotonated ion at m/z of 447 and fragment ion at m/z of 285, corresponding to kaempferol aglycone. Peak 38 was assigned to kaempferol-3-malonylglucoside due to a negative ion at m/z of 533 and the presence of fragment ion at m/z of 489 resulting probably from decarboxylation [20] . Peak 39 and 40 were probably positional isomers of kaempferol coumarylglucoside. The negative molecular ions and their MS² fragment ions were identical, only in the UV spectrum little variations were noticed. Similar observation has been recently reported by Simirgiotis et al. [26] .
Flavanols
Flavanol monomers and procyanidins are characterized by UV spectra with a max at 280 nm. However, they are often overlaid by the other compounds displaying a higher UV response [20] . Peak 11 has a [M-H] − at a m/z 577, a main fragment ion at a m/z 425, and less intense fragment ions at m/z 431, 407 and 289, therefore it was identified as a procyanidin dimer. Peaks 2 and 13 displayed a negative molecular ion at m/z of 865 and MS² fragment ions at m/z of 739, 695, 577, which corresponds to a procyanidin trimer. The compound eluting at 13.34 min was identified as a procyanidin pentamer due to the presence of negative molecular ion at m/z 1441, and fragment ions at m/z 1315, 865, and 575, which have been previously reported by Aaby et al. [9] .
Other compounds
Peak 1 was identified as ascorbic acid that, due to its strong hydrophilicity, elutes very early from a reversed phase column. It was characterized by a negative molecular ion at a m/z of 175, and a fragment ion at a m/z of 115. Peak 6 exhibited a strong UV absorption at 279 nm, and displayed a molecular ion at m/z of 205 in the positive mode, and a fragment ion at a m/z of 188. The presence of a compound with the same mass spectra characteristic was previously reported by Aaby et al. [20] . However, the authors designated the compound as unknown. On the basis of UV and MS spectra we assumed that the compound might be tryptophan. A comparison with the UV spectra and RT of the standard compound enabled unambiguous identification of this compound as tryptophan.
Non-identified compounds
Some compounds from SE of Charlotte cultivar remain to be unambiguously identified. The fragmentation pattern of peak 7 with a m/z of 1917 does not match any literature known substance. Peak 23 could not be assigned either. Aaby et al. [9] reported similar problems with identification of the substance strongly absorbing at 360 nm, not visible at 280 nm, showing the same fragmentation pattern. According to the deprotonated ion at a m/z of 895 and the UV maxima at 360 nm, peak 24 could be assigned as an ellagic acid rhamnoside, which is detected as singly charged dimer [2M-H] − . However, the fragments did not match those reported for this compound in the literature [26] . Peaks 32, 33 and 34 escaped identification.
Conclusions
In general, the phenolic profile of Charlotte cultivar strawberry fruits resembles those reported for numbers of other strawberry cultivars. However, some peculiarities of the cultivar in terms of phenolic composition can be pointed out. The fruits contained phenolics belonging to six groups: anthocyanins, ellagic acid and its conjugates, gallotannins, flavonols, flavanols and hydroxycinnamic acid derivatives, from which pentagalloyl glucose was identified in strawberry fruits for the first time. On the other hand, the fruits of the analysed cultivar lacked catechin, present in previously investigated strawberry cultivars.
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